Introduction {#s1}
============

Young but not older women hospitalised with acute myocardial infarction (AMI) have been reported to have a worse prognosis than men.[@R1] However, out-of-hospital deaths account for the absolute majority of all deaths from coronary heart disease (CHD)[@R5] but are commonly disregarded when comparing short-term prognosis in men and women after an acute coronary event.

Much of the research on sex differences in survival after AMI is based on data collected decades ago. There have been marked changes in treatment, clinical presentation, diagnostic criteria and prognosis after AMI. An earlier study found that women, particularly younger women, experienced greater improvements in hospital mortality after AMI than men, largely because of temporal changes in comorbidity and clinical severity features at admission.[@R1] As a result, sex differences in short-term case fatality decreased but did not disappear. However, in ST-elevation AMI (STEMI), the most severe form of AMI, gender differences in the use of evidence-based therapies and short-term survival in Sweden did not decline,[@R6] although long-term risk of death was higher in men.[@R7] Whether this applies to all myocardial infarctions in younger patients, if differences persist after taking comorbidities into account and if younger women fare worse when fatal events outside hospital are included remain unclear.

The linked Swedish person-based hospital and death registries offer unique opportunities to analyse gender differences in in-hospital and out-of-hospital mortality after a coronary event. The objective of this nationwide study, therefore, was to investigate past and current sex differences in survival after AMI in hospitalised cases, but also including deaths from CHD that occurred outside hospital.

Methods {#s2}
=======

Sweden has a publicly financed healthcare system with hospital care available to all citizens at low cost. Swedish hospitals register principal and contributory discharge diagnoses for all patients in the national In-Patient Register (IPR). For the purpose of the present study, data from the IPR were linked with the national cause-specific death registry through the personal identity number, which is unique for all Swedish citizens. For confidentiality, all personal identity numbers were replaced by codes.

All persons in Sweden aged 35--84 years who had a first-time acute coronary event in the 24-year period, 1987 to 2010, were included, defined as either hospitalisation for AMI (International Classification of Diseases, Ninth Revision (ICD-9) code 410 for 1987 to 1996 and International Classification of Diseases, Tenth Revision (ICD-10) code I21 for 1997 and after) or CHD death (ICD-9 codes 410--414 for 1987 to 1996 and ICD-10 codes I20--I25 after 1996) outside hospital. The population was divided into four age groups; 35--54 years, 55--64 years, 65--74 years and 75--84 years. The 28-day case fatality and the 1-year all-cause mortality were evaluated in four 6-year periods: 1987--1992, 1993--1998, 1999--2004 and 2005--2010.

The following comorbidities prior to the index hospitalisation were included in the adjusted analyses: diabetes (ICD-9 250 and ICD-10 E10--14), hypertension (ICD-9 401--405 and ICD-10 I10--I15), stroke (ICD-9 430--434, 436 and ICD-10 I60--I64), CHD (except AMI) (ICD-9 411--414 and ICD-10 I20, I22--I25), heart failure (HF) (ICD-8 427.10, 427.0; ICD-9 428A, 428B and 428X; ICD-10 I50), atrial fibrillation (ICD-8 427.92, ICD-9 427D and ICD-10 I48), chronic obstructive respiratory disease (ICD-8 and ICD-9 490--496, ICD-10 J44--J45), percutaneous coronary intervention (PCI) (ICD-9 3080 and ICD-10 FNG 00, FNG02, FNG 05), renal insufficiency (ICD-8 581, 583, 584; ICD-9 584--586; ICD-10 N17--N19) and malignancy (ICD-8 and ICD-9 140--208, ICD-10 C00--C97). Comorbidities were also registered, including the index hospitalisation for diabetes, hypertension, chronic respiratory disease, PCI and renal insufficiency, which means that persons included because of CHD death outside hospital had less chance of having a registered diagnosis of, for example, diabetes or hypertension. In the younger age groups, the autopsy rates were higher than among older persons. Swedish law requires an autopsy to be done if the cause of death is unclear, which means that if someone with no prior history of CHD dies suddenly or is found dead, an underlying cause of death will nearly be based on an autopsy. When autopsies are not performed, cause of death will be based on information from medical charts and previous history. Some degree of misclassification is obviously inevitable but is likely to be minor and not affect our findings more than to a very minor degree.

The study was approved by the regional Ethics Board of Gothenburg, Sweden.

Statistical analysis {#s2a}
--------------------

Counts, proportions and mean values are presented and analysed by sex and hospitalisation status (in/out), within age groups and totally. p values for age differences between men and women were estimated with independent-samples t-test. Corresponding p values for differences in comorbidities were estimated with a χ^2^ test. The χ^2^ tests were corrected with the Yates's correction for continuity. All p values were two sided. Short-term (28-day) and long-term (from day 29 to day 365) case fatality count and percentages are presented for men and women by time period, for AMI cases admitted to hospital and/or for CHD death outside hospital. Short-term case fatality was analysed within the day of event. Corresponding HRs for women compared with men and their 95% CIs, adjusted for baseline characteristics, were estimated with the Cox proportional hazards regression model. The 28-day case fatality was both analysed separately for patients admitted to hospital with a first AMI and also including patients with out-of-hospital CHD events. The statistics were computed with the aid of the IBM SPSS Statistics package version 21. Forest plots were constructed in Microsoft Excel 2013 and then converted to tiff.

Results {#s3}
=======

Baseline characteristics of patients {#s3a}
------------------------------------

During the 24 -year study period, 470 420 patients aged 35 to 84 years were admitted to hospital with a first AMI, and 187 690 patients had a fatal CHD event outside hospital without prior AMI; there were 234 651 women and 423 459 men, in total 658 110 persons. The mean age was 68.3 years for men and 72.7 years for women in hospital and 71.9 versus 75.9 years for men and women out of hospital; thus, women were on average 4 years older than men. Women had more diabetes, hypertension, stroke, HF, chronic respiratory disease and malignancy, whereas men had more CHD. Women also had more atrial fibrillation overall, but this was confounded by age because women were older than men in this study, and among the three younger age groups, men had more atrial fibrillation ([table 1](#T1){ref-type="table"}; [online supplement 1](#SP1){ref-type="supplementary-material"}, eTable 1 and [online supplement 1](#SP1){ref-type="supplementary-material"}, eTable 2). Age-specific and period-specific descriptive data are provided in [online supplement 1 eTable 1](#SP1){ref-type="supplementary-material"} and [online supplement 1](#SP1){ref-type="supplementary-material"}, eTable 2. Among the younger adults, 35--54 years, women in and outside hospital had more diabetes, hypertension, stroke, chronic respiratory disease, renal insufficiency and malignancy concurrent with their acute coronary event compared with men. There were no significant sex differences in age or CHD, but more men had atrial fibrillation. Among the hospitalised individuals, women also had significantly more HF. Largely similar patterns were observed for middle-aged adults, 55--64 and 65--74 years. In the oldest group, 75--84 years, men admitted to hospital had more stroke, CHD and malignancy. Older men with fatal CHD events outside hospital in addition had more CHD, atrial fibrillation, chronic respiratory disease, renal insufficiency and malignancy. Women were older and had more diabetes and hypertension. More men underwent PCI.
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Baseline characteristics for 658 110 patients with a first-time acute coronary event in Sweden from 1987 to 2010

  All                           In hospital       Out of hospital                                               
  ----------------------------- ----------------- ----------------- --------- ----------------- --------------- ---------
  Number, n (%)                 3 00 942 (64.0)   1 69 478 (36.0)             1 22 517 (65.3)   65 173 (34.7)   
  Mean age, years (SD)          68.3 (10.7)       72.7 (9.5)        \<0.001   71.9 (9.6)        75.9 (7.8)      \<0.001
  Diabetes, n (%)               48 011 (16.0)     34 132 (20.1)     \<0.001   17 031 (13.9)     10 960 (16.8)   \<0.001
  Hypertension, n (%)           65 922 (21.9)     48 673 (28.7)     \<0.001   19 285 (15.7)     13 384 (20.5)   \<0.001
  Stroke, n (%)                 27 564 (9.2)      17 266 (10.2)     \<0.001   18 252 (14.9)     11 167 (17.1)   \<0.001
  CHD, \* n (%)                 56 925 (18.9)     30 433 (18.0)     \<0.001   32 481 (26.5)     16 244 (24.9)   \<0.001
  Heart failure                 24 127 (8.0)      18 364 (10.8)     \<0.001   29 627 (24.2)     18 187 (27.9)   \<0.001
  Atrial fibrillation, n (%)    21 756 (7.2)      14 976 (8.8)      \<0.001   18 951 (15.5)     10 869 (16.7)   \<0.001
  Chronic respiratory disease   20 754 (6.9)      15 724 (9.3)      \<0.001   10 394 (8.5)      6363 (9.8)      \<0.001
  Renal insufficiency, n (%)    8002 (2.7)        3993 (2.4)        \<0.001   3753 (3.1)        1663 (2.6)      \<0.001
  PCI, n (%)                    40 917 (13.6)     15 887 (9.4)      \<0.001   1009 (0.8)        318 (0.5)       \<0.001
  Malignancy, n (%)             24 419 (8.1)      17 607 (10.4)     \<0.001   12 575 (10.3)     7824 (12.0)     \<0.001

\*Any CHD diagnosis except AMI.

AMI, acute myocardial infarction; CHD, coronary heart disease; PCI, percutaneous coronary intervention.

Twenty-eight-day survival {#s3b}
-------------------------

In the hospitalised population, short-term survival improved markedly over the study period with an overall decrease of the proportion of both men and women dying within 28 days of admission to hospital from 23.5% to 8.5% (p\<0.05). For men admitted to hospital, the overall case fatality was 9% in the last period 2005--2010 compared with 21% from 1987 to 1992, with corresponding figures for women 11% and 25% (not shown). However, comparing women and men stratified for age revealed no improvement in the mortality gap between women and men. The largest difference was found in younger patients (35--54 years) with a largely unchanged age-adjusted HR compared with men of 1.63 (95% CI 1.28 to 2.08) in the last 6-year period. However, the multivariable-adjusted HR of 1.25 (95% CI 0.97 to 1.61) was not significantly elevated. For women 55--64 years old, the age-adjusted HR compared with men in the last period was 1.28 (95% CI 1.12 to 1.46), which was reduced to 1.05 (95% CI 0.91 to 1.20) after adjustment for comorbidities. For those aged 65--74 years, the survival was similar for men and women. From 75 years, women had a better prognosis than men, multiadjusted HR 0.94 (95% CI 0.90 to 0.99) in the last period ([figure 1](#F1){ref-type="fig"}; [online supplement 1](#SP1){ref-type="supplementary-material"}), but again with no change over time.

![Twenty-eight-day age-adjusted case fatality (%) and HRs for women compared with men after hospital admission for acute myocardial infarction in Sweden 1987--2010. Age adjusted and multiadjusted for age, diabetes, hypertension, stroke, heart failure, atrial fibrillation, chronic respiratory disease, percutaneous coronary intervention, renal insufficiency and malignancy. For every HR, the group of men are set as a reference in each period and age group.](heartjnl-2016-310281f01){#F1}

Of all persons dying from CHD outside hospital, 65% were men. When all cases of fatal CHD events outside hospital were added to the hospitalised AMI cases, men had an overall worse short-term prognosis. The age-adjusted HR for women compared with men was 0.88 (95% CI 0.79 to 0.98) for those aged 35 to 54 years and 0.87 (95% CI 0.85 to 0.90) in the oldest age group from 2005 to 2010. In a model adjusted for multiple comorbidities, the age-adjusted HR for women compared with men was 0.72 (95% CI 0.64 to 0.80) for patients from 35 to 54 years. In the oldest group from 75 to 84 years, the multiadjusted HR for women compared with men was 0.89 (95% CI 0.87 to 0.92) ([figure 2](#F2){ref-type="fig"}; online [supplement 3](#SP1){ref-type="supplementary-material"}).

![Twenty-eight-day age-adjusted case fatality (%) and HRs for women compared with men for all first acute coronary events (hospital admission for acute myocardial infarction or acute coronary death outside hospital) in Sweden from 1987 to 2010. Age adjusted and multiadjusted for age, diabetes, hypertension, stroke, heart failure, atrial fibrillation, chronic respiratory disease, percutaneous coronary intervention, renal insufficiency and malignancy. For every HR, the group of men are set as a reference in each period and age group.](heartjnl-2016-310281f02){#F2}

Long-term survival {#s3c}
------------------

The overall long-term prognosis from day 29 to day 365 improved over the period from 15.3% to 7.7% (p\<0.05). The total mortality for women from days 29 to 365 after their myocardial infarction was 10.4% during the period 2005 to 2010 compared with 16.0% during the first period 1987 to 1992. For men, the long-term case fatality decreased from 12.7% to 7. 9% (p\<0.05). Age-specific 1-year survival improved for both men and women (p\<0.05). Age-adjusted long-term mortality was higher among women below 75 years, compared with men of the same age, in the last period 2005--2010, but after adjustment for comorbidities, there were no significant gender differences. Among the oldest age groups, men had higher mortality than women ([figure 3](#F3){ref-type="fig"}; online [supplement 3](#SP1){ref-type="supplementary-material"}).

![Age-adjusted case fatality (%) and HRs after acute myocardial infarction for adults aged 35--84 years from days 29 to 365 in Sweden from 1987 to 2011. Age adjusted and multiadjusted for age, diabetes, hypertension, stroke, heart failure, atrial fibrillation, chronic respiratory disease, percutaneous coronary intervention, renal insufficiency and malignancy. For every HR, the group of men are set as a reference in each period and age group.](heartjnl-2016-310281f03){#F3}

Discussion {#s4}
==========

Our large nationwide cohort describes current gender differences in short-term and long-term prognosis among patients with acute coronary events in Sweden, avoiding selection biases that may be present in selected hospital study populations. Although we observed an improved overall survival after AMI over the last two decades, the worse short-term outcomes in younger but not older women hospitalised with AMI persisted. The difference was, however, no longer significant when adjusted for comorbidities. Furthermore, when fatal CHD events occurring outside hospital were included, women in all age groups had a better prognosis, with between 10% and 20% lower mortality than men. Continuing mortality in patients surviving the first 28 days was no different in younger women compared with men of the same age, when comorbidities were taken into account.

After the landmark study by Vaccarino *et al*,[@R3] several studies have investigated sex differences in mortality in men and women. Gan *et al* found that the difference in short-term survival could be explained by differences in treatment.[@R8] In a German study examining patients with STEMI, women received less aggressive treatment.[@R9] Possible motives for less extensive treatment could, however, be that women tend to have less severe coronary artery disease although they have more risk factors than men.[@R10] In Sweden, a delay has been observed for women with chest pain regarding admission to coronary care unit (CCU), medical treatment and coronary angiography.[@R11] Being treated in a CCU is related to increased survival, but men have still been shown to have a lower case fatality both in CCUs and in medical wards.[@R12] In addition, women with STEMI have been shown to receive less reperfusion and secondary preventive treatment.[@R6] Even so, another study found no sex difference in the intensity of care among patients with non-ST-elevation acute coronary syndromes (NSTEMI).[@R13] In contrast to the more recent findings by Vaccarino *et al*,[@R1] where women experienced greater improvements in mortality when hospitalised for MI than men, and where the higher mortality rates of younger women with MI compared with men, as described in earlier years, narrowed considerably, our results differed in that we did not find any major change over the 24-year period in any age group. Even so, their comorbidity-adjusted female to male ratio of hospital mortality in patients \<55 years in 2004--2006 was 1.48, which is not markedly different to our figure of 1.25 for 2005--2010.

Some studies have found that the worse prognosis in women, compared with men, in the hospitalised population may be due to an increasing probability of surviving to reach hospital, and that men overall actually have a worse prognosis. A large study from Scotland was concordant with our results, confirming a worse short-term prognosis for men if all fatal AMI cases were included.[@R14] Low socioeconomic status (SES) and deprivation have been shown to increase risk for both CHD incidence and out-of-hospital death in men and women. SES needs to be considered in primary and secondary prevention.[@R15] As more sensitive biochemical markers and new diagnostic criteria were introduced, smaller and potentially less severe infarctions are now detected.[@R16] Further developments of these criteria were published in 2007[@R17] and 2012,[@R18] with myocardial infarction subdivided in five main types. Increased diversity within the AMI diagnosis as well as new criteria probably also have had impact on the total incidence and case fatality. The proportion of STEMI has decreased, and the NSTEMI proportion has increased. Because STEMI is more common among men and younger age groups and is related to early case fatality,[@R19] this could contribute to explain the higher out-of-hospital mortality in men, with a higher proportion of large and potentially immediately fatal events. The incidence of AMI has not decreased among women below 65 years to the same extent as for men,[@R20] but the potentially increased detection and labelling of coronary events as AMIs could be at play here.

The majority of coronary deaths, or nearly four out of five of all deaths, occur outside hospital.[@R5] We have previously shown that as in-hospital deaths declined faster than deaths outside hospital, the relative contribution of out-of-hospital deaths to overall case fatality has increased. Accordingly, when analysing case fatality for acute coronary events, in-hospital deaths represent only a minority of all fatalities. Still, because in-hospital mortality may be improved by more optimal management, sex differences in in-hospital mortality are not unimportant. The continuing poorer survival in younger women hospitalised with AMI, which is largely due to their higher burden of comorbidities, warrants further investigation.

Strengths and limitations of this study {#s4a}
---------------------------------------

The strengths of the study include nationwide coverage with virtually no loss to follow-up and the large sample size. The study covers all patients in Sweden with a first-time major coronary event occurring within the last 24 years and accordingly reflects the national trends in CHD prognosis. We also included the out-of-hospital fatal cases and analysed possible confounding factors. Both short-term and long-term trends were examined. All fatal CHD events and not only fatal AMI were considered for the out-of-hospital cases to represent a more correct estimate of coronary deaths.

Limitations concerning administrative registers are lack of information regarding comorbidities diagnosed in the primary healthcare; interventional or medical interventions prior to the event or in hospital; no details of clinical characteristics, such as biomarkers, electrocardiographic or autopsy findings; potential misclassification of diagnoses; and no uniform criteria for diagnosis over time. Nevertheless, validation studies indicate reasonable accuracy. In one study, the IPR was validated, and the positive predictive value for major diagnoses was 85%--95%, but lower for important comorbidities such as hypertension or diabetes.[@R21] Still, over 99% of all hospital discharges are included in the register. However, for the patients with fatal CHD events, there is a possibility that the undiagnosed comorbidity rates are higher than among the patients that were admitted to hospital. Second, the rate of autopsies has been decreasing, although autopsy is still mandatory in persons who die outside hospital without a clear diagnosis. However, autopsy rates for the present study population were quite high among persons with out-of-hospital deaths, overall 81% for persons 35--54 years of age, 68% for those 55 to 64 years of age but only 49% for those 65 to 74 years of age.[@R5] Misclassification of non-coronary deaths as CHD deaths is therefore probably relatively minor in the younger subset of our population but may obviously be higher among older persons, in whom autopsy rates were lower. Although data for all of Sweden were included, findings may not be applicable to other settings and must, furthermore, be seen against the background of markedly overall improved survival over time, where we lack the data to consider the relative importance of increasingly intense medical and interventional management and of potential changes in clinical presentation, with smaller infarctions and less STEMI.

Conclusions {#s5}
===========

The overall case fatality among the 658 110 persons with AMI in our study decreased from 1987 to 2011 in all age groups. Women below 65 years of age, hospitalised with AMI, still have a higher 28-day case fatality than men. However, when including fatal CHD events occurring outside hospital, men have a higher short-term case fatality in all age groups. One-year case fatality has decreased in both men and women, but women still have a poorer prognosis before the age of 75 years. Some of the poorer survival among women compared with men can be explained by comorbidities. Given the overall better survival in women, however, this means that younger women stand to lose more of their remaining potential life years than men. Treatment of comorbidities in women should probably receive more attention.

###### Key messages

What is already known on this subject?
--------------------------------------

Younger women hospitalised with acute myocardial infarction (AMI) have previously had higher short-term case fatality than men of the same age.

What might this study add?
--------------------------

Although we observed an improved overall survival after AMI over the last two decades, the worse short-term outcomes in women from 35 to 64 years but not women from 65 to 84 years hospitalised with AMI persisted. Younger, but not older, women hospitalised with AMI have higher short-term case fatality than men of the same age. The difference was, however, no longer significant when adjusted for comorbidities. When fatal coronary heart disease events occurring outside hospital were included, women at all ages had between 10% and 20% lower mortality compared with men.

How might this impact on clinical practice?
-------------------------------------------

If data on comorbidities are taken into account, women hospitalised with AMI do not have a worse prognosis than men and fare slightly better when out-of-hospital fatal coronary events are considered. Treatment of comorbidities in women should probably receive more attention.
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